Abstract
1. Introduction 1. Introduction 1. Introduction 1. Introduction Emotionally charged, novel, beautiful or aversive visual stimuli are better remembered than neutral or non-emotional ones (Wright et al., 2001) . For instance, would Edward Munch's painting 'The Scream' leave the same indelible memory if the figure in the painting was not depicted with such an emotionally disturbing and agonizing face of terror (Solso, 2003) ? Further, emotional events seem to be better retained than non-emotional events and emotional information is better remembered in mood states with a matching affective valence (Dolcos & Cabeza, 2002) .
Nowadays, art and its creators have entered neuroscience research (Solso, 1994 (Solso, , 2003 Zeki, 1999) . Images of art -paintings, sketches and photographs -have been used in a variety of brain imaging paradigms investigating their influence on perception, imagination, emotion and memory processes (Zaidel and Kasher, 1998; Ishai et al., 2007; Lacey et al., 2011) . The few studies that examined neuronal activation in relation to visual art exposure suggest that perception and memory depend on visual as well as semantic brain processes (Ishai et al., 2007; Fairhall & Ishai, 2008; Cupchik et al., 2009) . Also attention networks, such as the prefrontal and parietal cortex, and memoryrelated brain areas such as the temporal and hippocampal regions have been documented to be involved (Yago & Ishai, 2006; Wiesmann & Ishai, 2008) , as well as reward-related regions such as the ventral striatum and the orbitofrontal cortices (Lacey et al., 2011) .
How the brain stores and retrieves art-related memories seems to be a relevant research question given the complex interaction between the perception, emotional experience and memory processes involved. The emotional experience induced by art with a high degree of abstraction is not so easy to understand. Its valence can partly be determined by its previous association with an emotional context. Many affective priming studies examining memory processes, not always accompanied by brain imaging procedures, have reported behavioral effects predominantly after priming with negative stimuli (Stolz & Neely, 2001; Zhang et al., 2006; Chao et al., 2008) . Intriguingly, to our knowledge, no brain imaging studies have so far examined the influence of emotional priming 5 on experiencing art. Consequently, in this paper we have examined this problem in the context of memory of portrait art with a high degree of abstraction.
For this study, we developed a new paradigm with novel stimuli based on modern paintings of faces. The portraits were selected from the work of a Belgian painter, Ronny Delrue (See Fig 1B) . This choice had several major advantages. Firstly, all participants were unfamiliar with the paintings, excluding recognition bias. Secondly, all paintings typically shared certain visual similarities, making it harder to remember them. Thirdly, the selected artworks have a high degree of abstraction and elicit no specific emotion by themselves. In addition, as the paintings were rendered in black and white, there was no 'contamination' by emotional connotations associated with different colors.
In our experiment, for one group of participants, a number of these portraits were primed by a preliminary viewing in combination with 'emotional' color pictures of baby faces. Among these there were positive or approach-related pictures showing happy, smiling baby faces. Negative or withdrawal-related pictures showed baby faces exhibiting a combination of negative facial expressions and severe dermatological conditions. Our earlier research in healthy women had already demonstrated that viewing the positively valenced baby pictures evoked strong approach-related emotions, such as happiness, and the negatively valenced ones strong withdrawal-related emotions, such as disgust (Baeken et al., 2010a) . Furthermore, these emotional pictures had proven to be especially useful for examining brain activity related to emotional processes, in healthy as well as in psychopathological states (Baeken et al., 2009 (Baeken et al., a,b,c and 2011 .
As it had been demonstrated earlier that gender differences could affect emotional memory processes (Cahill et al., 2004; Piefke et al., 2005) , and because age differences might affect memory paradigms (Rendell et al., 2011; Schnitzspahn et al., in press), we restricted our study cohort to healthy female subjects within a narrow age range. One group of healthy women (Group 1) was 'primed' with positive, neutral or negative baby faces while viewing a set of 60 Delrue portraits. A comparable sample of healthy women (Group 2) was not primed and served as the control group. A 6 couple of hours later, these portraits, intermixed in random order with 60 new but similar ones, were viewed under event related fMRI. The viewing was combined with a forced recognition task: for each portrait participants had to choose between "I remember this image" and "I don't remember this image" by pressing the relevant buttons on two reaction boxes. Response accuracy and reaction times (RT) were recorded. In order to check that the portraits by themselves did not provoke mood alterations, in a separate study unrelated to the imaging study, a different but comparable female group rated their mood with Visual Analogue Scales (VAS; McCormack et al., 1988) before and after viewing all portraits (Group 3).
We expected that during the memory task all participants would primarily recruit brain areas related to visual processing and memory. Moreover, we hypothesized that emotionally primed portraits would, during memory retrieval, result in activation patterns within the fronto-limbic neurocircuitries consistent with the emotional valence of the prime. Finally, as most emotional priming studies reported effects after priming with negative stimuli, we anticipated that these patterns would be primarily apparent for the negatively primed portraits. 
Subjects
A total of 40 healthy, right-handed female participants were recruited in the university environment (mean age=24.4 years, sd=5.0). No volunteer was familiar with the Delrue portraits or underwent formal art education. Volunteers taking medication other than birth-control pills or with a psychiatric disorder, as assessed by the Mini-International Neuropsychiatric Interview (Sheehan et al., 1998 ) and/or a score higher than eight on the 21-item Beck Depression Inventory (BDI; Beck & Steer, 1984) were excluded. Right-handedness was assessed by the van Strien questionnaire (Van Strien & Van Beek, 2000) . The study was part of a larger project investigating various neuro-cognitive markers, which was approved by the Institutional Ethical Review Board of our University Hospital (UZBrussel).
All participants gave written informed consent and were financially compensated.
Stimuli and priming material
The stimuli consisted of images of painted portraits with a high degree of abstraction selected with his permission from the oeuvre of Ronny Delrue, a Belgian modern painter. The artist has a large portfolio of paintings in a unique style (see Fig 1B) . To avoid influences of color on memory strategies and emotion induction, all colors were transformed to a gray scale rendering using CorelDRAW 11. As a result, participants could only rely on facial contours and specificities unrelated to color.
Sixty baby face pictures (see Fig 1A) from both genders (mean estimated age=5.5 months, sd=4.0) were paired with sixty Delrue portraits to be viewed in the priming step. Because "neutral" baby faces might not be perceived as emotionally neutral by young women, we artificially created neutral pictures, matched to the positive and negative baby faces for visual characteristics such as luminescence and color, by reduction of the image matrix of a set of baby face pictures and by smoothing the resulting pictures using CorelDRAW 11. The characteristics of these primes were reported earlier (Baeken et al., 2010a) . 8
Memory experiment
Twenty female participants (mean age=26.6 years, sd=4.3) took part in the memory experiment and were randomized into two groups (flipping a coin). Each participant started around nine o' clock in the morning. First, Group 1 (n=12) viewed a succession of 60 Delrue portraits, each preceded by a positive (approach-related), a negative (withdrawal-related), or a neutral baby picture.
The baby images were randomized in order and each category was equally represented (20 of each).
Each image was projected on a blank wall for 3 seconds. For fixation purposes, every art and baby image was preceded by a fixation cross for 1 second. All volunteers viewed each portrait twice, always preceded by the same emotional baby face. Group 2 (n= 8) followed the same protocol, however without having the baby images displayed as primes. All were instructed to look attentively at all images, trying to memorize the paintings as well as possible. As it had been demonstrated earlier that specific task instructions improve memory performance (Kliegel et al., 2004) , participants were informed that, only when performing adequately, they would be allowed to finish the study and thus receive complete financial compensation.
Two hours after her priming session, the participant was subjected to the fMRI memory paradigm. During fMRI scanning, a total of 120 portraits (60 already shown and 60 new ones intermixed in random order) were back-projected onto a flat screen, following an event related design.
All portraits were displayed for 2500 ms and preceded by a black crosshair (200ms) centred on a white background, introduced for fixation purposes. The projection was jittered with interstimulus intervals of minimum 1s, maximum 12s, mean 3.37s (± 2.12). The participants were asked to express whether or not they recognized each portrait using two response boxes. Response accuracy and reaction time (RT) were registered. 9 2.4 fMRI sequence Brain imaging was carried out on a 1.5T MRI scanner (Philips Intera, Best, The Netherlands) equipped with a 6 channel sense head coil. We measured 125 consecutive FFE-EPI volumes (TR/TE=3000/35 ms, flip angle=90°, 18 slices, slice thickness/gap= 5.0/1.0 mm, size= 64x64, in plane resolution=3.75x3.75 mm, duration 6 min 15 sec) covering the whole brain. The fMRI data were analyzed using the SPM5 software (Wellcome Department of Cognitive Neurology, London, UK). The fMRI time series was realigned to the first volume to correct for head movements. After the realignment step, slice time correction was performed to correct for small differences in the time offset of consecutive slices. All brain volumes were normalized into the standard anatomical space (EPI MNI template) and smoothed with an 8 mm Gaussian kernel. The anatomical scans were normalized to the standard anatomical space (T1 MNI template) for use as anatomical underlay for the results.
Mood evaluation of the stimuli
The effects on mood after viewing positive, negative and neutral valenced baby faces in healthy females were published earlier (Baeken et al., 2010a) . In short, after viewing the negative baby faces, female subjects exhibited a significant increase of disgust, a withdrawal-related emotional response, and a decrease of happiness. After viewing positive baby faces, women showed a significant decrease of sadness and an increase of happiness, or an approach-related emotional response. For the neutral pictures, no significant mood changes were found except for a reduced feeling of happiness.
To examine whether the portraits by themselves had a similar emotional impact, their influence on mood was investigated in an independent group of 20 healthy women (Group 3: mean age= 22.1 years, sd= 4.8), not related to the brain imaging study. For this purpose, the volunteers were asked before and after viewing all 120 Delrue portraits to rate their mood on a horizontal 100 mm visual analogue scale (VAS; McCormack et al., 1988) , ranging from "totally not affected" to "very much affected", in order to detect subtle changes in 'feelings of happiness, sadness and disgust'.
Statistical analysis
The mood ratings before and after viewing the collection of portraits (Group 3) were compared using paired t-tests.
To evaluate whether correct responses and RT were any different between Group 1 and Group 2, two separate ANOVA's were performed with Success Rate (%) and RT (ms) as dependent variable, respectively. Familiarity (Familiar vs. Unfamiliar) was the within subjects factor and Group (Group 1 vs. Group 2) the between-subjects factor. To examine whether the emotional priming preceding the memory task affected the behavioral results in Group 1, two one-way repeated measures ANOVA's with Success Rate (%) and RT (ms) as the respective dependent variables and Priming Category (positive, negative and neutral baby face) as factor were performed.
For analyzing the fMRI data, we defined for each subject a general linear model consisting of five regressors of interest: the time offsets of the three types of priming (positive, negative, neutral) and of the two possible responses ("I remember this painting" or "I don't remember this painting"), convolved with three basic functions, the canonical hemodynamic response function (HRF) and its time and dispersion derivatives (Friston et al., 1998) . Only the correct responses were used for further analyses. The model also contained the six movement parameters (3 translation, 3 rotation) as confounds and a constant term to model the activation offset. This model was applied to the activation time series in each voxel (Friston et al., 2003) .
In a first step, to investigate the effect of emotional priming, we performed a full factorial group analysis. Within-subject variable was Response (Familiar vs Unfamiliar) and Group (Group 1 vs.
Group 2) was the between subjects variable. The interaction effects were false discovery rate (FDR) corrected for multiple comparisons with a significance level p(corrected)<.05 and a cluster size≥ 100.
In a following step, to investigate whether the significant interaction clusters corresponded to increases or decreases in neuronal activity, post hoc paired t-tests were performed in Marsbar (Brett et al., 2002) . The paired variables were Response (Familiar vs. Unfamiliar) for Group 1 and Group 2 separately. These paired t-tests were Bonferroni corrected for the number of significant activated clusters. The significance level was set at p≤.05 (corrected), two-tailed. 
Memory
One female subject in Group 2 misinterpreted the instructions and did not use the response boxes to judge whether or not she remembered the art images during fMRI. Therefore, the results of this volunteer were omitted from all analyses.
Response accuracy and RT data are presented in Table 1 . Overall, success rates for both trial types were relatively high: around 65% for the familiar portraits and around 76 % for the unfamiliar ones.
The 2X2 ANOVA examining success rates did show a main effect for Familiarity (F(1, 18)= 9.80, p<.01), but not for Group (F(1, 18)= .04, p=.85). There was no significant interaction effect between Familiarity and Group (F(1,18)< .01, p=.96). The ANOVA investigating RT showed no significant main effect for Familiarity (F(1,18)= 1.39, p=.25) or Group (F(1, 18)= .65, p= .43).
Furthermore, the interaction effect between Familiarity and Group was not significant (F(1,18)= .72, p=.41).
Examining whether the emotional priming preceding the memory task affected the results in Group 1, the two one-way ANOVA's with success rate (%) and RT (ms) as the dependent variables and Priming Category (positive, negative and neutral baby face) as factor showed no influence of the emotional priming, either on success rate (F(2, 35)= .65, p= .53) or on RT (F(2, 35)= .30, p= .74).
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3.2 SPM whole brain analyses
Full factorial group analysis
For an overview see Table 2 and Fig 2. Significant interaction clusters were observed for the Response -Group interaction in the visual cortices, with the largest activated cluster in the left middle occipital gyrus (BA 18, MNI coordinates: x=-28, y=-88, z=4). Besides left-sided parietal cortical involvement,(left BA 7, MNI coordinates: x=-26, y=-60, z=52; right BA 7, MNI coordinates: x=26, y=-70, z=34) we found two significant interaction clusters in the frontal cortices (left BA 6, MNI coordinates: x=-4, y=6, z=56; right BA 10, MNI coordinates: x=-4, y=54, z=-8).
The post hoc paired t-test Bonferroni corrected revealed that Group 1 as well as Group 2 recruited their visual and parietal cortices to decide whether or not they correctly remembered the depicted portrait images. However, the 'emotionally primed' female participants of Group 1 showed higher neuronal activities in the left superior frontal gyrus (BA 6), whereas the non-primed participants of Group 2 displayed higher neuronal activation in the right medial frontal gyrus (BA 10). See also 
Positive versus negative emotional priming
The paired t-test revealed that the negative versus neutral contrast was significantly higher than the positive versus neutral contrast in the right (posterior) insula (MNI coordinates: x=42, y=-4, z=2) Furthermore, we found a significant cluster in the left medial frontal gyrus (BA 11, y=36, . The positive versus neutral contrast yielded no significant clusters of activation in both thresholds. See also Table 4 The aim of this prospective fMRI study was to investigate whether memory retrieval of novel stimuli, portraits with a high degree of abstraction, is influenced by initial priming with emotional facial pictures.
The behavioral results in Group 1 indicate that emotional priming did not result in different reaction times during the memory retrieval task when compared with the 'non-primed' Group 2.
Moreover, emotional priming did not affect accuracy. Moreover, the behavioral measurements in Group 1 were not contaminated by emotional priming: positive, negative or neutral priming of the artworks did not affect accuracy or RT in the correct recognition of Familiar modern art portraits.
Furthermore, because the artistic portraits by themselves were not found to significantly change subjective mood in Group 3, we do not assume that the observed emotion-related brain activities in the memory task are related to the content of the portrait art series.
As predicted, the full factorial brain imaging analysis shows that all female participants recruit brain areas involved in visual perception when correctly deciding whether or not they have seen the portrait paintings showed to them a couple of hours before. These findings are in line with earlier functional brain imaging observations using visual stimuli in memory paradigms (Nyberg et al., 2003; Wager et al., 2003; Kim, 2011; Said et al., 2011) . Occipital cortices play a critical role in the perceptual processing and recall of emotionally relevant visual stimuli (Lang et al., 1998; Adolphs, 2002; Ranganath et al., 2004) . Also the involvement of the parietal cortices is well acknowledged in prospective memory tasks .
The fact that we found significantly slower reaction times in the primed group could suggest interference processes affecting focussed attention. Interestingly, the primed group displayed significantly higher neuronal activities in the left (pre)supplementary motor area (SMA; BA 6) extending to the left frontal eye fields (FEF; BA 8) and to the more dorsal parts of the left BA 32, anatomical areas related to increased cognitive loads or cognitive task demands (Linden et al., 2003; Cole & Schneider, 2007; Karch et al., 2009) . Activation in these areas reflects increased alertness to the prospective targets, enhanced strategic control of cognitive resources to adjust behavioural responses in resolution of conflicts, leading to the execution of a memory-derived action (Grosbras & Paus, 2003; Rogers et al., 2004; Nachev et al., 2005 , Hashimoto et al., 2011 . The medial frontal cortical involvement BA 10) in the 'non-primed' group also agrees with other prospective memory paradigms (for an overview see Burgess et al., 2011) . Especially the right and medial BA 10 region play a nonspecific role in memory when sustained attention or orientation of attention towards externally presented stimuli is required, for instance when response consistency has to be maintained (Burgess et al., 2007a, b; Volle et al., 2011) . Furthermore, as medial BA 10 activation might reflect higher levels of anticipatory attention towards appearance of memory targets (Okuda et al., 2011) , this might to some extent explain the faster RT observed in the 'non-primed' Group 2.
The most intriguing results however we found in the right insula when contrasting the negatively with the positively primed images. In essence, our observations suggest that the negatively primed portraits evoked significantly stronger psychophysiological responses than the positively primed ones. Indeed, the insulae are part of a network that plays a central role in the conscious representation of visceral responses (Critchley et al., 2004) and they also represent the neural correlates of mental states known as 'feelings' (Damasio et al., 2000) . As the insulae have been repeatedly implicated in the processing of overt aversive stimuli, such a disgust (Wright et al., 2004; Phillips et al., 2004; Schäfer et al., 2005; Schienle et al., 2006; Stark et al., 2007; Fusar-Poli et al., 2009 ), our results extend these observations to memory processes linked to complex images such as facial sketches. Importantly, the portraits did not evoke aversive responses by themselves. When viewing artworks bilateral insular recruitment has been reported (Cupchik et al., 2009) . Albeit related to aesthetic perceptions, these activities were attributed by the authors to the experience of emotion.
Although both anterior and posterior parts of the insula have been implicated in the processing of negative emotional responses (Phillips et al., 1997; Harrison et al., 2010) , authors have only recently reported on the specific functional roles of these posterior insular parts in monitoring emotional salience and choice preference (Wittmann et al., 2007; Taylor et al., 2009; Menon & Uddin, 2010; Cauda et al., 2011; Liu et al., 2012) . Interestingly, interoceptive information such as visceral sensations are thought to be channeled to the posterior insular cortex and integrated in the right anterior insula, implicated in processes of awareness (Craig , 2002 (Craig , , 2011 and experiences of aversive responses (Harrison et al., 2010) .
We also observed increased neuronal activities in the left medial cortical areas, more in particular BA 11, part of the orbitofrontal cortex. Several brain imaging studies report on the regulation of negative emotions by the left orbitofrontal gyrus (Ochsner et al., 2002; Ohira et al., 2006; Mak et al., 2009 ). Our findings support and extend the role of BA 11, in evaluating the affective salience and contextual relevance of a visual stimulus in memory tasks Ochsner & Gross, 2005) . The opposite t-test (comparing positive vs. neutral > negative vs. neutral priming-related contrasts) yielded no significant clusters in the brain, indicating that priming with positive stimuli does not influence memory processes as much as priming with strong aversive material. This finding agrees with the observation that negatively valenced or unpleasant visual stimuli evoke higher neuronal activities than positively valenced information (Mourão-Miranda et al., 2003; Sabatinelli et al., 2011) and these data confirm our hypothesis that neuronal effects would be most apparent after the negative priming of portrait art.
Some limitations and methodological shortcomings should be discussed. First of all, because we only used female participants we cannot generalize our results to a broader population and the interpretations of the data should be limited to memory processes. The absence of clear-cut amygdalar-hippocampal involvement might partially be explained by the design itself. In essence, we conducted a memory retrieval task where female participants had to concentrate on a selection of similar portraits: the focus was not to evaluate or to retrieve any emotion caused by these portraits.
Moreover, amygdala responses have been primarily found in fear-related emotionally primed memory paradigms and not in aversively primed conditions (Satterthwaite et al., 2009) . Furthermore, it is important to acknowledge that although our results show that abstract portrait art can be associated with emotional primes this doesn't mean that this effect is specific for this art form.
Altogether, our data revealed two important observations. Firstly, although brain areas implicated in visual and attentional neuronal processes were recruited, the effect of emotional priming of portrait art resulted in distinct neuronal activation in the midline anterior hemisphere. Whereas higher levels of attention towards the appearance of memory targets, resulting in faster RT, might be reflected by increased activity in the medial frontal gyrus (BA 10) in non-primed females, the emotional priming of the art images appeared to activate other midline superior frontal cortical areas associated with the detection and resolution of conflicts and consequent behavioral adjustment. Importantly, although primed women reacted significantly more slowly, this did not go together with lower accuracy rates, suggesting that to reach a correct decision whether or not the portraits were Familiar or Unfamiliar other neuronal networks were recruited. As the ACC is part of an attention circuit regulating both cognitive and emotional processing (Bush et al., 2000; Davidson et al., 2000) , it is speculative at this point to assume that the recruitment of the more dorsally located parts of the left BA 32 might reflect the generation and monitoring of autonomic emotional states related to the evaluation of the primed portrait images. Secondly, our findings suggest that in healthy female subjects memory processes only activate a neuronal network involved in the emotional perception of faces in negative or 'withdrawal-related' priming. Here, when correctly retrieving emotionally-primed portraits, these initially neutral images activate brain activity patterns that reflect the valence of the emotional priming.
Negatively primed art engaged the right (posterior) insula, a brain area related to autonomic visceral and stress responses. Our findings may imply that the memory and perception of modern abstract portrait art is indeed influenced by the emotional context, even if this is not induced by the art images themselves. However, the current findings do not imply that this effect is specific for art images.
Further research is needed to investigate whether not only emotional priming, but also for instance positive or negative moods might influence how we perceive and remember art images such as portraits. In future research, it might be interesting to evaluate whether or not primed memory paradigms unrelated to art images yield similar neural substrates. instructed to look attentively, trying to memorize the portraits as well as possible. All images were depicted twice. All images were preceded by a crosshair for fixation purposes.
A) Example of the memory task for the non-primed Group 2 and Group 3. The only difference here was that Group 3 only assessed their mood with VAS before and after the memory behavioural experiment. B) Example of the memory task for the primed Group 1 with some examples of a 'negative', a 'neutral' and a 'positive' baby face. Here the same images as used for Group 2 and Group 3 were preceded by one of these emotional primes. All volunteers viewed each portrait twice, always preceded by the same emotional baby face. C) Example of the memory task during fMRI. A total of 120 portraits (60 already shown and 60 new ones intermixed in random order) were back-projected onto a flat screen, following an event related design. The participants were asked to respond whether or not they recognized each portrait. Response accuracy and reaction time (RT) were registered. 
